Abstract : Forty-two subjects working maximally for 15 years in a ferrite core manufactory were examined of their health.
outpatient visit to physician are available. Three groups of the workers of the same enterprise including the ferrite factory were surveyed of their incidence rate of respiratory diseases except common cold. The respiratory diseases are tonsillitis, pharyngitis, laryngitis, rhinitis, bronchitis, and pneumonitis. The job and the geometric mean dust concentration of each groups are shown in Table 2 . Nineteen ferrite workers were heavily exposed to ferrite and the materials dust and the same number of controls were surveyed of their physical and mental complaints using a translated form of Cornell Medical Index. In 1969, forty two ferrite workers and 33 control workers were examined mainly of neurological tests, urine (protein, sugar, occult blood, creatinine and pH), blood chemistry (haemoglobin content and specific gravity), respiratory function tests including vital capacity and peak flow metry, and metal analyses in urine and blood. The ferrite workers were divided into three groups as follows; Gr. A (19 subjects), Gr. B (16), and Gr. C (7), the results of which were compared between the groups.
In 1970, thirty four ferrite workers were examined mainly of roentgenogram, urine (protein, sugar, occlt blood, creatinine and pH) and blood chemistry (haemoglobin content and specific gravity), respiratory function tests including vital capacity and peak flow metry, and metal analyses in urine and blood. Number of subjects examined was 12, 18, and 4, for group A, B, and C, respectively.
Respiratory function tests were carried out by a Vitalor (Mckesson Appliance Co. U.S.A.) and Wright's peak-flow meter measuring vital capacity (VC) and 0.5 second vital capacity (VC0.5) , and peak flow rate. Respiratory function was adjusted for age and height using the calculation formula established by Baldwin 
Health survey in 1967:
As shown in Table 3 , the incidence rate of respiratory disease per person-year was significantly higher in the worker group of ferrite manufacture section than that of the general affairs section. Respiratory complaint by a translated form of CMI was more in the ferrite worker than the controlled workers (Table 4) dusts' exposure. Results of vital capacity and peak flow rate of the three groups are presented in Table 5 . None of the workers show vital capacity less than 70% of the predicted vital capacity. Mean vital capacity and peak flow rate have following tendency:
Group A Group B Group C. Mean half second percent vital capacity against the predicted one of group A is significantly (p<0.05) lower than that of group B. Zinc content in spot urine and whole blood is lowest in group B significantly (p<0.05) ( Table 6 ). Group A contained two urine samples having greater than 2 mg/l of zinc which raised the mean zinc concentration of the group. Mean zinc content in whole blood is lowest in group B with no significance. But, coefficient of correlation between zincs in blood and urine is near zero. Analyses of zinc in urine and blood in 1970 revealed that exposed groups, A and B, had almost the same average values as the control, group C. Zinc content in urine and blood does not increase by the length of exposed period. Hemoglobin contents of all the examined are more than 13 g/dl. Average values show little difference among the three groups.
Clinical neurological tests showed no signs of manganese poisoning.
Health survey in 1970:
Small round opacities of 1 to 3 mm in diameter (type p and q) are observed in the chest roentgenogram of 4 out of 33 workers examined ( Table 7) . The opacities are from dispersed to relatively dence, and localized from hilus of lung to middle and lower lung field (profusion category 1 by ILO 1971 5) ) . Workers were almost the same as those of 1969.
DISCUSSION
The workers under consideraiton are exposed to the mixed dust of ferric oxide, manganese carbonate, zinc oxide, magnesium oxide, and the spineled ferrite. All of these dusts have little or no water solubility. Among the raw material dusts, the content of ferric oxide is major or over 70% (Table 1) . Excessive inhalation of ferric oxide dust has been observed in arc-weldings3), founders1,6) and iron miners2,7). Welders' lung is usually benign siderosis characterized by round opacities in the chest X-ray film without any fibrosis8) and by little or no cough or shortness of breath4,9-11). Sentz and Rakow7) reported three cases who showed abnormal chest X-ray film among 73 welders exposed to the welding dust and fume of 21 and 31 mg/m3 in average, in the usual working environment and in the welding process, respectively. It is suggested that particles from welding and foundering are more toxic than the ferric oxide dust, because the former contains metal fume of smaller particle and also other chemicals and gasses.
The other dusts of raw materials, manganese carbonate, magnesium oxide, and zinc oxide have smaller share (Table 1) and are not known to be causal agents of granule formation in the lung. Systemic parenteral toxicity of them is little known because they have no water solubility. And, systemic oral toxicity of them may fall in the category of "Relatively Harmless"12).
The authors made an animal experiment13) giving the mixture of raw materials of ferrite A and Ferrite B up to 1.0 (for 4 days), 4.0 (for the next 4 days), and 16 wt. % (for the next 2 weeks). It was only from the ration containing 16% of the raw material mixture that the growth retardation of mice was observed. Mixed ration of ferrite B which contains manganese carbonate and no magnesium oxide depressed the growth of mice more effectively than that of ferrite A.
Systemic toxicity of ferrite is little known. The chemical inertness and water insolubility suggests that the substance is practically non-toxic. According to the feeding experiment mentioned above, mouse groups fed with rations containing 16% of ferrite powder A and B showed growth retardation compared to the control mouse.
Synergistic or antagonistic relation is not known between the five dusts or the raw materials of ferrite A and B. Critical effect of inhaled manganese carbonate should involve the central nervous system9). The critical environmental level or minimum effective environmental concentration of manganese dust or fume is 11 mg/m3 by Tanaka et al.14), and 8.4 mg/m3 as a median by Horiguchi et al. AND 
